Pseudomonas phaseolicola (Burkholder)
Dawson is an incitant of a disease of beans (Phaseolus vulgaris L.) known as the halo blight of beans. The name of the disease is derived from the characteristic chlorotic halos which the pathogen induces around water-soaked infection centers in infected bean leaves. When the infection becomes systemic, chlorosis of entire trifoliate leaves occurs (7) . The production of chlorisis as well as growth retardation, which occurs in systemically infected tissues, is caused by an extracellular toxin(s) produced by P. phaseolicola (3, 11, 15) .
Although it is now well accepted that the toxin(s) of P. phaseolicola increases its virulence, little is known about the genetic control of the production of toxin(s) in this pathogen. However, it has been observed (7) that the pathogen spontaneously produces variants which are unable to induce chlorosis in infected plants. Furthermore , a gradual decline in toxin production by a toxigenic strain (strain G-50) over a period of time has been observed (Gantotti and Patil, unpublished data). There also exist several naturally occurring isolates of P. phaseolicola which infect bean plants, but they neither cause the characteristic chlorotic symptoms (7, 19) nor produce the toxin(s) (4) . These observations suggest that toxin production in P. phaseolicola might be specified by covalently closed circular t Journal Series Paper no. 2325 of the Hawaii Agricultural Experiment Station, Honolulu. extrachromosomal deoxyribonucleic acid (DNA) elements, the loss of which leads to the loss of toxin production. Such phenomena have been reported in toxigenic strains of some animal pathogens, e.g. enteropathogenic strains of Escherichia coli (20) and exfoliative toxin-producing strains of Staphylococcus aureus (18) . Similarly, loss of a plasmid from the plant pathogen Pseudomonas syringae is correlated with the concomitant loss of toxin (syringomycin) production. (C. F. Gonzalez and A. K. Vidaver, Abstr. Am. Phytopathol. Soc., Abstr. no. 118, p. 107, 1977) .
The objective of this investigation was to first determine whether P. phaseolicola strains harbor covalently closed circular DNA, and if they do, to examine whether the plasmid DNA is involved in specifying for the production of toxin(s). Preparation of cleared lysates. Bacteria revived from glycerol-frozen stocks (10) on YDC medium were grown in Watanabe medium in a rotary shaker at 20°C for 48 h (midexponential phase). The cells were harvested, and the pellet was used for further lysis.
Isolation of plasmid DNA from cleared lysates was done essentially by the method of Clewell and Helinski (2) . The cell pellet was resuspended in the lysis mixture (0.05 M Tris, 25% sucrose, pH 8.0) to give about 3% of the original culture volume. Freshly prepared lysozyme (2 ml of a 10-mg/ml solution in 0.25 M Tris, pH 8.0, added to 10 ml of cell suspension) was added. After 5 min of incubation on ice, 4 ml of 0.25 M ethylenediaminetetraacetate (EDTA) (pH 8.0) was added. After a further 5-min incubation on ice, cells were lysed by adding 16 ml of a detergent mixture consisting of 1% Brij-58, 0.4% sodium deoxycholate, 0.05 M Tris, and 0.0625 M EDTA (pH 8.0). The lysates were then centrifuged at 35,000 x g for 50 to 55 min at 2°C. The supernatant which contained the plasmid DNA is referred to here as cleared lysate.
Dye-buoyant density equilibrium centrifugation. Ethidium bromide (10-mg/ml solution added to a final concentration of 800 ,ug/ml) and solid cesium chloride were added to the cleared lysate. If needed, the cleared lysate was extracted with an equal volume of 0.05 M Tris-equilibrated phenol, and DNA was precipitated with 2 volumes of 95% ethanol. The precipitate was dissolved in buffer containing 0.01 M Tris and 0.001 M EDTA, pH 7.5 (TE buffer), before ethidium bromide and cesium chloride were added. The solution was poured into polyallomer tubes, topped up with mineral oil, and centrifuged to equilibrium at 20°C in a Beckman 60 Ti rotor at 40,000 rpm for 44 h APPL. ENVIRON. MICROBIOL.
with a Beckman L5-65 ultracentrifuge. The DNA bands were visualized by illuminating the tubes with longwave UV. Plasmid DNA bands were collected and subjected to a second centrifugation under identical conditions to further purify the plasmid DNA from the contaminating linear DNA. Plasmid DNA was collected after the second centrifugation and extracted with CsCl-saturated isopropanol until the solvent phase became colorless. The DNA was exhaustively dialyzed at 10°C against TE buffer and then precipitated with 2 volumes of 95% ethanol overnight. The precipitate was centrifuged at 17,500 x g for 25 min at 4°C and dissolved in a small volume of TE buffer for further analyses.
Isolation and purification of individual plasmid species. Agarose discontinuous gel electrophoresis was used to separate individual plasmid species from the total plasmid DNA isolated from all P. phaseolicola strains. Electrophoresis was carried out in 0.7% agarose gels at 2 mA/gel (diameter, 5 mm) at room temperature for 4 h by using buffer containing 0.04 M Tris, 0.001 M disodium EDTA, and 0.005 M sodium acetate and with the pH adjusted to 8.0 with glacial acetic acid (TEA buffer). Large-scale preparative tube gel (diameter, 25 mm) electrophoresis was also used by scaling up the current to match the size of the gel. About 1 jig of DNA was applied to each of the 5-mm-diameter gels, and up to 30 ,ug of DNA was applied to the 25-mm-diameter gels. The DNA bands were briefly (5 to 10 min) stained by a short exposure to ethidium bromide solution (0.5 ,ug/ml) in order to prevent any photodynamic effects. The DNA bands were cut after visualizing under shortwave UV illumination and were dissolved in saturated KI solution (1) .
A modification of the method of Blin et al.
(1) was used to isolate DNA from the agarose gels. After adding ethidium bromide to a final concentration of 50 ,ug/ml, the DNA-and agarose-containing solutions were adjusted to a final density of 1.5 g/ml. They were then subjected to isopycnic centrifugation with a Beckman 60 Ti rotor at 44,000 rpm for 40 h at 20°C. The DNA bands were collected and subjected to a second isopycnic centrifugation. The DNA collected after the second centrifugation was extracted three times with KI-saturated n-butanol and dialyzed exhaustively against TE buffer at 10°C. The dialysate was concentrated by ethanol precipitation as described above and used for further analysis by restriction enzymes.
Restriction endonuclease digestion. About 1 jig of individual plasmid DNA was subjected separately to restriction enzymes EcoRI, BamHI, and HindIII. The digestion conditions used were as specified by the supplier. The enzymes were used slightly in excess in order to ensure complete digestion. Sample volumes varied from 20 to 60 f1.. The reaction was terminated by adding the tracking dye (10%, vol/vol) containing 50% glycerol and 0.025% bromophenol blue and heating at 60°C for 10 min. In each case the entire reaction mixture was used for gel electrophoresis.
Gel electrophoresis. Uncut plasmid DNA samples were analyzed by using 0.7% agarose vertical slab gels (15 by 14 by 0.3 cm). Electrophoresis was carried out at room temperature with TEA buffer at 8 V/cm of gel length for 4 Agarose slab gel electrophoresis of purified plasmid DNA from the five strains revealed that each strain harbored more than one plasmid species (Fig. 1) . All strains had a slow-migrating P. PHASEOLICOLA PLASMIDS 513 large (in excess of 35 x 106 daltons) plasmid band in common. However, they differed in their second or third plasmid band. Highly virulent and efficient phaseotoxin-producing strains (HB-36 and G-50) shared a common second plasmid band, based on its identical electrophoretic migration, whereas the migration of the third plasmid band of strain G-50 corresponded to the second plasmid band of both HB-20 and G-50 Tox-mutant. The second plasmid of strain HB-33 was much smaller than any other P. phaseolicola plasmid examined, as indicated by its faster electrophoretic migration.
Isolation and purification of individual plasmid DNA species. It was necessary to obtain individual plasmid DNA species from P. phaseolicola strains in pure forn and in sufficient quantities to further characterize them. Preparative agarose gel electrophoresis was used for this purpose since even the closely migrating bands could be separated by this method. Several techniques were tried to recover DNA from agarose gels. They were elution by electrophoresis (17), freeze-squeeze method (21), homogenization (9), and potassium-iodide gradient (1) . Of these, the potassium-iodide gradient method was found to be most efficient since the DNA purified by this procedure was completely free of agarose, and, as observed by others (23), the recovery of DNA was better than that with other methods. Furthermore, the recovered DNA did not contain substances that interfered with the action of restriction endonucleases (23) .
Restriction endonuclease patterns. Purified individual plasmids were digested with restriction endonucleases EcoRI, BamHI, and HindIII. The fragments generated were separated by electrophoresis on agarose-acrylamide composite slab gels. The restriction patterns are presented in Fig. 2 through 4 .
Restriction patterns of the fragments generated by all three enzymes were identical in the case of the second plasmid of HB-36 and G-50. Similarly, the patterns for the third plasmid of G-50 and second plasmid of G-50 Tox-and HB-20 were also identical, except that the second plasmid of HB-20 contained one additional band in all three restriction patterns. However, the second plasmid of HB-33 showed an entirely different pattern. that this plasmid is not involved in toxigenicity of the pathogen. However, there are differences with respect to other plasmid species of different strains and their ability to produce toxin. The most striking example of such a difference in plasmid bands was observed when G-50, one of the naturally occurring toxigenic strains, was compared with its UV-induced nontoxigenic mutant G-50 Tox-. Since the latter is, with the exception of toxigenicity, phenotypically the same as the wild type (14) , the absence of the second plasmid (22.50 x 10' daltons) from G-50
Tox-strongly suggests that there is a correlation between the presence of this plasmid in G-50 and its ability to produce toxin. Although UV radiation is known to be a mutagenic agent, it has also been found to act as a curing agent (J. strain underwent only a single detectable change when exposed to UV and that change constituted curing of this strain from the 22.50 x 106-dalton plasmid.
The correlation between the presence of the second plasmid in G-50 and its toxigenicity is supported by the fact that HB-36, another nat- (Fig. 2 through 4) . The correlation cies from different strains of P. phaseolicola. The between the presence of the 22 .50 x 106-dalton enzyme-digested plasmid DNA samples were sub-plasmid in strains G-50 and HB-36 and their jected to electrophoresis in an agarose-acrylamide toxigenicity is strengthened further by the findcomposite slab gel at 2 V/cm ofgel length for 20 h as igety is ngthened further by nthfi- of the strains G-50, G-50 Tox-, HB-36, and HB-VOL. 37, 1979 on August 14, 2017 by guest http://aem.asm.org/ Downloaded from 20 supports the correlation discussed above, HB-33 presents a different picture. This naturally occurring strain lacks the aforementioned 22.50 x 106-dalton plasmid; nevertheless, it is toxigenic. This suggests that a deletion in the plasmid that specifies toxin production has occurred, even though the portion of the plasmid that codes for the toxin production is still retained by the strain. Alternatively, it is possible that due to a recombinational event the element that specifies toxin production is located in chromosomal DNA. Additional studies to ascertain the homology among these plasmids will be necessary to confirm these hypotheses. Further investigations involving curing and transformation to critically examine the involvement of plasmids in toxigenicity of P. phaseolicola strains are in progress.
